Explore the Deep Oceans by unknown
o v e r v i e w
Students investigate conditions in the deep ocean and learn about the
technologies that permit scientists to explore the deep seas, particu-
larly deep sea vents. Students learn how global ocean circulation is a
function of temperature (and vice versa). They conduct experiments
to understand the phenomenon of pressure in the deep ocean and to
understand how the density of water changes with temperature.
They create a model submarine to investigate how engineers design
vehicles for deep sea exploration; and they read interviews with sci-
entists, as well as articles and other content readings, to understand
exploration in the deep seas.    
c o n c e p t s  &  p r o c e s s e s
Global ocean circulation and climate; temperature, pressure, density
of ocean water; extreme environments; microorganisms and their
adaptations; submarines—their construction and function of their
various components; scientific inquiry; hypothesizing, investigating,
and critical thinking.
o b j e c t i v e s
> Investigate the conditions at the deepest parts of the ocean.
> Hypothesize about the conditions that permit human exploration of
the ocean depths.
> Determine the relationships between the following: global ocean
circulation, global climate, and ocean bottom environments;
microorganisms, ocean pressures, and depths.
> Determine the relationships between pressure, density, tempera-
ture, and depth of water.
> Construct a model submarine and experiment with its various
components.
> Conduct scientific inquiry—pose questions, develop hypotheses,
make predictions, conduct investigations, gather data, reason
through to logical conclusions, relate and adapt conclusions to
other phenomena.
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This timeline offers a day-by-day plan for
using all the components in the unit, including
suggestions for supplementary readings, dis-
cussion questions, homework assignments, and
readings for further study. Assessment strate-
gies include portfolio assessment and day-to-
day accountability for students working both
individually and in small groups.
Prepare Your Investigation: Down in the Deep
Students use their prior knowledge about the
sea and the properties of water to frame their
investigation of deep sea exploration.
Research on the Web: Going Deep Under 
the Sea
Students conduct research on the Web, investi-
gating in “How Deep Is Deep?” just how deep
scientists must go to study hydrothermal vents.
They investigate ocean surface temperatures
and global ocean circulation. 
Classroom Activity: Under Pressure
Students conduct hands-on experiments (using
water and soda bottles) in order to understand
how pressure affects water flow. They apply
their findings and understanding to the phe-
nomenon of pressure in the deep ocean, asking
how and why pressure increases as depth
increases.
Classroom Activity: Sinking Water
Students conduct hands-on experiments using
hot and cold water and melting ice cubes in
order to understand how cold water sinks
beneath warmer water. They apply their find-
ings to understand how global ocean circula-
tion works—and why the water at the bottom
of the ocean is so cold.
Classroom Activity: Simple Submarine
Students build a model submarine in order to
investigate how engineers might create a vehi-
cle that could descend to the bottom of the
ocean floor, hover there, and then return to the
surface. They apply their discoveries to investi-
gate how conditions in the deep sea affect sub-
mersible design, including the materials used.
I N T E RV I EW WIT H R E S EA R C H E R 
Let’s Talk with Veronique Robigou about
Exploring Deep Sea Vents
Veronique Robigou is an marine geologist; she
studies rocks that form on the ocean floor. In
this interview, Robigou describes her first dive,
the incredible underwater world, and her work
in the field and at home; she also talks about
the changes she has observed at the vents dur-
ing her many dives.
C O N T E N T  R E A DI N G S
Dispatches from the Deep
Pat Peterson is a high school chemistry teacher
in Pennsylvania. In 1998, she joined the
REVEL (Research and Education: Volcanoes,
Exploration, and Life) team of teachers and sci-
entists studying deep sea vents at the Juan de
Fuca Ridge. She shares her work and discover-
ies in dispatches, archived from the field.
> First Day at Sea and Exploration Vessels
> Weather Conditions Over the Deep Seas
> Pressure in the Deep Seas
> Global Ocean Circulation & Deep Sea
Temperatures
> Light and Dark in the Sea
D E E P  S E A  V E N T S  I N  T H E  N E W S
Current articles relating to deep sea vents.
You’ll find suggestions for these articles in
Additional Resources at the end of the
Teacher Strategies section.
contents  at a glance
T E A C H E R  S T R AT E G I E S
R E A D I N G S *A C T I V I T I E S *
* Download activity and readings from the Museum’s Deep Sea Vents Special Collection, located
at: http://www.amnh.org/education/resources/dsv. Prepare Your Investigation is enclosed.
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IN T RODUCT ION
This is a timeline for the unit Explore the
Deep Oceans. It is designed for classes with
45- to 55-minute periods. This timeline uses all
the components in the unit; you can also pick
and choose components to customize your
unit.  
Most daily plans assume that collected group
worksheets and other assignments will be
returned the following day, or, in the case of
group work, on the next day that groups meet.
The unit, and each individual activity within it,
is designed to encourage the development of
scientific habits of mind. Students not only
learn about the deep sea environment, deep
sea vents, and how scientists conduct research
there; they also develop the skills required for
scientific inquiry. Students examine what they
already know in order to frame an investiga-
tion, develop new questions, and engage in
research and activities to explore theoe ques-
tions. Readings supplement Internet research
and hands-on experiments. Students record
their observations and findings in research
journals before preparing a final project. This
final project corresponds to the publication
stage of scientific research. You can find sug-
gestions for structuring this final project on the
handout Putting It All Together.
t e a cher strategi e s
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During this unit, students record thoughts, ideas, questions, and observa-
tions in their own journals, as well as responses to their reading. Whether
or not your students are already using a science journal, create one for this
unit. Your students can purchase them, or create them by stapling about 25
blank pages inside a cardstock cover. The homework assignment for Day 1
asks students to design a journal cover with images and/or words; this pro-
vides a creative way for them to “dive” into the unit. As students learn more
about exploring the deep and about deep sea vents, ask them to add to the
images and/or words on their covers. In the final assessment, include a
question about how their journal covers changed over the course of the unit.
If this is your first time using journals, discuss their function with your stu-
dents—how to keep them, what to write, what not to write, what not to
worry about (grammar, spelling, being “right”), and what to explore (think-
ing deeply and critically, close observation, description, questioning).
Before you begin the unit, ask students to answer the questions from the
first section of Prepare Your Investigation: Down in the Deep. This is an
excellent homework assignment for the night before or as an in-class activi-
ty. Ask students to read Dispatch from the Deep: First Day at Sea and
Exploration Vessels.
This unit includes cooperative learning activities, some of which may be
adjusted for individual work at home or in class. Keep in mind that many
students do not yet know how to work effectively in groups. Spend some
time discussing effective cooperative learning before you ask students to
work cooperatively.
Begin the first day with a writing task that asks students to think about
effective group work, e.g.:
When you are working with other students, what makes you want to par-
ticipate? What makes you feel reluctant to participate?  
How do you help your teammates take part in discussion? What might you
do that could make it difficult for others to participate?
Ask a few students to share their written responses to generate a discussion
about effective cooperative learning practices before starting the group
activity.
If your students do not need to strengthen their skills in cooperative learn-
ing, substitute the following writing task to help your students prepare for
the activity to come:  
Describe the environment on the deep ocean floor as you imagine it might
be. Consider light, temperature, living things, geology, etc.
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Use a short discussion of students’ responses as a segue into an introduction
of the unit and the day’s activity.
Students then complete the second portion of Prepare Your Investigation:
Down in the Deep. As you circulate, either collect homework (journals) or
simply mark that students have completed the assignment and reserve a
more detailed check for a journal collection date.  
After groups complete the activity, gather together as a class. Create a class
list of questions to investigate and ideas for researching and testing. Then
return to this list as you move through the unit to compare their final find-
ings to the early hypotheses.
HOME WORK : Read Dispatch from the Deep: Weather Conditions Over
the Deep Seas and write a response. Use today’s investigation as a starting
point and create a cover for your journal. Use images and/or words to create
a cover that shows your vision of the deep ocean and the sea floor. Be cre-
ative and thoughtful. Don’t worry about being right—you’ll add to your
cover as we continue our study.
If all of your students have access to the Web, use Research on the Web:
Going Deep Under the Sea as an out-of-class assignment, with or without
groups/partners. If not, use class time for students to use the interactive pro-
gram, individually or in teams. In the interactive, students investigate how
far below the ocean surface scientists must go to study the deep sea floor.
The interactive uses different reference scales to help them understand
these incredible depths. Students also visit Web sites where they examine
variations in global sea surface temperature and investigate how global
ocean circulation works. As you circulate, either collect homework
(responses) or simply mark that students have completed the assignment
and reserve a more detailed check for the portfolio collection date.  
Regroup as a class after the Web investigation to discuss the day’s findings
and to generate a class list of discoveries.
HOME WORK : Read Undersea Riches and write a response. Add to your
journal cover using your discoveries from Research on the Web and your
thoughts after reading the article.
No t e: If time is an issue and your students can work responsibly and effec-
tively by themselves, divide the class into two sections, so that some groups
are working on Classroom Activity: Under Pressure and others are work-
ing on Classroom Activity: Sinking Water (the activity described on Day
e xp lore t he deep oceans
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4). Each group is responsible for presenting its findings during a brief pres-
entation period to the class or to a group that conducted the other activity.
This way, all students will learn about both pressure and the behavior of
cold water without having to take the time to complete both activities. 
No t e: Each group of students will need two-liter soda bottles for the pres-
sure activity. One-liter bottles will also work, but two-liter bottles will pro-
vide a clearer demonstration. Ask students to bring in clean, used soda bot-
tles during the week before the activity; they can bring them from home or
collect them from a neighborhood recycling center. This will help your stu-
dents take ownership of the activity even before it has begun.
Now that students have spent some time familiarizing themselves with con-
ditions at the bottom of the sea, take stock of their original questions and
their developing understanding of deep sea exploration. Start the class with
a writing task that helps them to think about this process:  
> Consider your original questions about exploring the deep seas. What
questions have you been able to answer so far? What new questions have
arisen? 
> What have you added to your journal cover that demonstrates your new
discoveries?
> What experiments might help you answer your questions?
> What facts will you need to help you answer your questions?  
As you circulate, either collect homework reading responses or simply mark
that students have completed the assignment and reserve a more detailed
check for final portfolio collection. After students write for a few minutes,
ask a few students to share their responses as a way to generate discussion
before moving on to the next activity. Ask them to continue to think about
their questions, and to be open to developing new questions, as they contin-
ue their research on conditions in the deep sea and at the deep sea vents.
If you prefer not to spend time taking stock, open class with the following
short writing task:  
Describe what happens when you are inside an airplane and ascend or
descend. How is it different from hiking up a mountain?
In the discussion that follows encourage students to consider how the rate
of change in pressure affects how we experience it. Rapid changes are more
perceptible because it takes time for the pressure in the inner ear to adjust
to equal the outside air pressure. 
Use your opening discussion to introduce students to Classroom Activity:
Under Pressure. Distribute and discuss the handout, and show students
where they can acquire their materials. Discuss your expectations before
setting students to work. Unless you are pre-punching holes in the bottles,
take a moment to discuss how students can safely punch holes in the bot-
tles.
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Reserve time at the end of the period for groups to discuss the day’s activity,
develop a working definition of pressure, and discuss ideas on how pressure
would affect scientific research, marine life, and even volcanic eruptions.
They can consider these ideas as they read about pressure in the deep in
tonight’s dispatch.
HOME WORK : Complete activity write-up if necessary. Read Dispatch
from the Deep: Pressure in the Deep Seas and write a response. If you are
combining the two activities into one day, also assign the two readings from
Day 4, or use one of them on a different day.
No t e: You will need to make ice cubes using water colored with food color-
ing. To help students take ownership of the activity, ask them to help you
mix the water, pour it into ice cube trays, and put them in the freezer (in the
cafeteria, teacher’s lounge, or science lab) the day before the activity. If nec-
essary, use the food coloring to color the water and use clear ice cubes
instead; this may make it harder to observe the sinking cold water, but it
eliminates the need to prepare ice cubes in advance.
Begin class with a short writing task:
> As you wade into the water at the seashore, in a lake, or even in a pool,
does the water get colder or warmer the deeper you go? Why?
As you circulate, either collect homework (reading responses/activity write-
ups) or simply mark that students have completed the assignment and
reserve a more detailed check for the portfolio collection date.  
Ask a few students to share their writing responses to open a discussion
about water temperature at various depths. Use your discussion to introduce
Classroom Activity: Sinking Water. Ask students to think about the effect
of sunlight on water temperatures near the surface—and then at increasing
depths. But point out that sunlight—or the absence of sunlight—may not be
the only factor affecting water temperatures in the deep ocean. Today’s
activity will investigate other factors. Distribute and discuss the handout
and clarify the location of supplies that students will need. Make sure that
students understand your expectations for the activity before setting them to
work.  
Reserve time at the end of the period to discuss the day’s activity and to
develop a class list of conclusions about the behavior of cold water.
HOME WORK : Complete activity write-up if necessary. Read Dispatch
from the Deep: Global Ocean Circulation & Deep Sea Temperatures and
Let’s Talk with Veronique Robigou about Exploring Deep Sea Vents.
Write a response for each. Continue to add to your journal cover.
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No t e: You will need a variety of materials for Classroom Activity: Simple
Submarine. Ask students to bring in these materials during the week prior
to the activity or collect them yourself. The surprise element of the activity
is a very effective learning tool; keep the purpose of the materials a secret
before students actually conduct the activity. You can vary any of these
materials, and invite students to do so; but make sure you include duct tape
(the only kind that will stick under water), film canisters, and Alka Seltzer.
Begin class with a short writing task:
> Describe a submarine exploring the deep ocean. Where does it go? What
kinds of movements does it need to be able to execute?
As you circulate, either collect homework (reading responses/activity write-
ups) or simply mark that students have completed the assignment and
reserve a more detailed check for the portfolio collection date.  
Ask a few students to share their writing responses. Use the short discus-
sion to introduce Classroom Activity: Simple Submarine, in which stu-
dents design and then assemble a model submersible. In the process, they
will explore the challenges engineers face when designing a vehicle that
must descend to the bottom of a body of water, hover at neutral buoyancy,
and then return to the surface. Distribute and discuss the handout and
familiarize students with the location of materials. Make sure that students
understand your expectations for the activity before setting them to work.  
Reserve time at the end of class to discuss the day’s findings. You may need
two days for this activity; in that case, have a short discussion after the first
day and a final discussion after students have conducted their tests.
Generate a class list of discoveries about the design principles of sub-
marines. Ask students to discuss how their discoveries might be applied to
real deep sea explorations. Which conditions would be different? Which
design principles would apply to both situations?
HOME WORK : Read Dispatch from the Deep: Light and Dark in the
Sea and Undersea Explorer. Write a response for each. If students are com-
pleting their model submarines at home, ask them to finish them for home-
work.
ACTIVITY NOTES
This activity is produced by REVEL.
1.  There are several ways to adjust this activity to suit your specific needs.
Students can work as a group to discuss preliminary ideas and plans and
then make their own subs at home. This way, each student has the
opportunity to do individual creative work, but with the planning support
e xp lore t he deep oceans
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of peers. (For this option, students will also use paper bags to carry mate-
rials home and to hide their creations for the return trip.) Alternatively,
students can go through the entire process together, from prediction to
planning to execution to testing. The handout is designed to allow for
either option.
The neutral buoyancy requirement may be omitted or made optional.
The students can be asked to develop a sub that will just descend to the
bottom and return to the top of the tank. This option is easier, but most
students prefer designing for all three tasks. If you do include the neutral
buoyancy requirement, be sure to review the concepts of ballast, neutral
buoyancy, and density.
If you have time, conduct further research on real deep sea submersibles.
Visit the museum’s black smoker Web site at:
http://www.amnh.org/nationalcenter/expeditions/blacksmokers/
water_tools.html
2.  The purpose of this activity is for students to design their own subs. Even
if their designs don’t work, they’ll be investigating the concepts of ballast,
neutral buoyancy, density, and sea floor pressures. As such, you should
resist the temptation to give them solutions. However, knowing a few
solutions may help you guide students as they go through the planning
process. You may also want to demonstrate a model submarine using one
or more of these solutions after students have tested their own subs.
Here are a few examples of working subs:  
To make a sub that just goes down and back up, tape an Alka Seltzer to
the bottom of  an empty film can, then add another piece of duct tape and
a nut. The Alka Selzer is sandwiched between the film can and the
weight. The can sinks to the bottom because of the weight of the nut, but
when the Alka Seltzer dissolves the nut is detached. This simple and
innovative solution was created by a ninth-grader.
Another simple sub has two pins (or toothpicks) sticking out of the can
about halfway down its length. Hung on the pins are several paper clips.
The sub sinks to the bottom from the weight of the clips; as the paper
clips touch the bottom, they fall off the pins, and the sub returns to the
top.   
Attach a balloon to the top by stretching it over the open end of the canis-
ter (instead of using the lid). Put an Alka Seltzer into the film can and put
a little hole in the film can to let water leak in. (Holes can be melted into
the film cans by heating a pin and then pushing it through the plastic.)
When the water reacts with the seltzer, the gas fills the balloon and cre-
ates buoyancy. After developing neutral buoyancy, the sub will eventually
pop to the top. Fill the can with some sand to get initial sinking.
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3.  Ask students to design the rubrics for this activity to help them under-
stand the importance of functionality, creativity, and construction. Each
group can design a rubric, or students can create rubrics individually.
Create a class rubric for the activity during a class discussion or use stu-
dent ideas as you finalize the rubric. This process will help students
understand not only how they are being assessed, but also what elements
are most critical to the design process.   
Ideally, use a full class day to help students begin portfolio compilation and
final projects. If not, use today’s handout as a homework assignment.  
Begin class with a short writing task:
> What have you learned about conditions at the bottom of the deep ocean?  
> What role does global ocean circulation play in affecting conditions in the
deep ocean? 
> What challenges do these conditions pose for scientists exploring this
environment?   
> What have you learned about deep sea hydrothermal vents?  
> How did your journal cover change and develop as the unit progressed?  
> What further questions do you have about deep sea exploration and
hydrothermal vent communities?
Ask a few students to share their responses. Use these responses as a segue
into a discussion of the portfolio. The self-assessment will ask them to think
further about what they learned during the unit. They will also complete a
final project, and they can begin thinking about that today. Distribute and
discuss the handout Putting It All Together. Give students time to read
through the handout and complete their responses. Then gather as a class
to discuss your deadlines and expectations for projects and portfolios.
During the rest of the class period, students can begin compiling portfolios
and putting together ideas for their final projects. Circulate to troubleshoot
for individual students and discuss ideas with groups or with the class. At
the end of the period, ask a few students to share some of their questions or
project ideas so that everyone can get on the right track.
A note about project choices: The handout Putting It All Together
includes ideas for a final project to be included in the portfolio; you may
want to add some of your own ideas to this list.  
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If your final day is a Friday and students have been keeping up, have your
portfolios due on Monday. Make sure you have given out the portfolio sheet
at the beginning of the unit so that students are clear on expectations well in
advance.
This final due date is cause for celebration—celebrate your students’
achievements by asking them to present their projects; then create displays
of their work. Invite other classes or members of the school community to
the presentations. Any kind of celebration will offer immeasurable valida-
tion of student work!
On the day that portfolios are due, reserve time at the beginning of class for
a discussion of the unit. Use the questions below to structure your discus-
sion. Out of this discussion, the class can develop a chart, or a more formal
visual presentation, of their findings. Then use this chart as a centerpiece
for a display of student work. 
> What questions did you investigate, individually and in groups?
> What conclusions did you develop?
> What methods did you use to find your answers?
> How does your research contribute to your understanding of deep sea
exploration and hydrothermal vents?
> What new questions do you have? How might you research these ques-
tions?
Have students assess each other’s portfolios. Ask them to use the same
assessment sheet or provide other criteria for their assessment.
e xp lore t he deep oceans
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Use any of the articles listed below for home-
work readings. You can also substitute articles
on deep sea vents and deep sea research that
you or your students find. The timeline identi-
fies appropriate days to assign these readings
to supplement concepts covered in class.
> Guynup, Sharon. “Undersea Riches.”
Science World, October 4, 1999. Vol. 56, 
Issue 3.
This article investigates how the discovery of
the mineral deposits that form black smokers
may affect the exploration and study of deep
sea vent ecosystems. While big business
wants the gold, copper, silver, and lead that
are found at the vents, environmentalists
warn about premature exploitation of this
fragile, unexplored biome.
> Sellers, Clay. “Undersea Explorer.” National
Geographic World, December 1993. Issue 220,
p. 10, 3 pages.
Marine geologist Robert Ballard discusses his
life in the deep seas, from the Titanic discov-
ery to the deep sea vents—and the plan for an
underwater museum!
> Henricks, Mark. “Deep Sea Detective.” Boys’
Life, August 1994. Vol. 84, Issue 8, p. 28, 4
pages.
Dive into danger with marine geologist
Robert Ballard, a specialist in shipwreck and
seafloor exploration. This article follows him
from the discovery of the Titanic and the
Lusitania to the deep sea vents.
A D D I T I O N A L
R E S O U R C E S
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